Abstract. Recently the present authors introduced the notion of generalized quasi-conformal curvature tensor which bridges Conformal curvature tensor, Concircular curvature tensor, Projective curvature tensor and Conharmonic curvature tensor. This paper attempts to charectrize LP-Sasakian manifolds with ω(X, Y )·W = L{(X ∧ g Y ) · W} . On the basis of this curvature conditions and by taking into account, the permutation of different curvature tensors we obtained and tabled the nature of the Ricci tensor for the respective pseudo symmetry type LP-Sasakian manifolds.
Introduction
Recently, in tune with Yano and Sawaki [19] , the first authors [14] have introduced and studied generalized quasi-conformal curvature tensor W in the context of N (k, µ)-manifold. The components of quasi-conformal like curvature tensor W in a Riemannian manifold (M 2n+1 , g)(n > 1), are given R, S, Q & r being Christoffel Riemannian curvature tensor, Ricci tensor, Ricci operator and scalar curvature respectively. In 1989 K. Matsumoto [16] introduced the notion of Lorentzian paraSasakian (LP-Sasakian for short) manifold. Mihai and Rosca [20] also defined the same notion independently. This type of manifold is also discussed in ( [1] , [2] ) and the references therein. We refer to Section 2 for precise definitions of the symbols used.
An LP-Sasakian manifold (M 2n+1 , g), n ≥ 1, is said to be pseudo-symmetry type according to Deszcz ([29] , [32] , [12] , [11] ) respectively Ricci pseudo symmetry type ( [30] , [31] , [9] ) if
where ω and W stand for generalized quasi-conformal curvature tensor with the associated scalar triples (ā,b,c) and (a, b, c) respectively (two distinct notions have been used in order to study the nature of 36 pseudo symmetric type curvature condition as shown in the table by taking into account the permutation and combination of the scalar triples), the dot means that ω(X, Y ) acts as a derivation on W, L is a smooth function and the endomorphism field X ∧ A Y is defined by
for all vector fields X, Y, Z on M and it similarly acts as a derivation on W.
In particular, manifold satisfying the condition 3) ) is said to be pseudo symmetric. If L is constant, M is called a pseudo symmetric manifold of constant type and if particularly L = 0 then M is called a semisymmetry type manifold for details (see [4] , [5] , [8] , [17] , [27] , [39] , [26] , [40] , [41] and the references therein). Semi-symmetric spaces are a generalization of locally symmetric spaces (∇R = 0), ([6] , [28] ) while pseudo symmetric spaces are a natural generalization of semi-symmetric spaces. Note that the Schwarzschild spacetime, the Kottler spacetime, the Reissner-Nordström spacetime, as well as some Friedmann-Lemaître-Robertson-Walker spacetimes are the "oldest" examples of non semi-symmetric pseudo symmetric warped product manifolds( [33] , [35] ). Our work is structured as follows. Section 2 is a very brief account of LPSasakian manifolds. LP-Sasakian manifold with W(X, Y )·φ = 0 is studied in section 3 and it is found that such a manifold is an η-Einstein space provided a = 0. In section 4, we paid our special attention to investigate pseudosymmetry type LP-Sasakian manifold( i.e., ω(X, Y )·W = L{(X ∧ g Y )·W }).
On the basis of this condition and by taking into account, the permutation of different curvature tensors we obtained and tabled the nature of the Ricci tensor for the respective pseudo-symmetry type LP-Sasakian manifold.
LP-Sasakian manifolds
An n-dimensional differentiable manifold M is said to be an LP-Sasakian manifold ( [37] , [16] )if it admits a (1, 1) tensor field φ, a unit timelike contravariant vector field ξ, a 1-form η and a Lorentzian metric g which satisfy
where ∇ denotes the operator of covariant differentiation with respect to the Lorentzian metric g. It can be easily seen that in an LP-Sasakian manifold, the following relations hold :
for any vector fields X, Y then the tensor field Ω(X, Y ) is a symmetric (0, 2) tensor field ( [20] , [37] ). Also, since the vector field η is closed in an LPSasakian manifold, we have ( [16] , [20] )
for any vector fields X and Y . Let M be an n-dimensional LP-Sasakian manifold with structure (φ, ξ, η, g). Then the following relations hold ( [16] , [20] , [3] ) :
for any vector fields X, Y, Z where R is the Riemannian curvature tensor of the manifold.
) be an LP-Sasakian manifold. Then for any vector fields X, Y, Z on M 2n+1 , the following relation holds:
In particular, when A = B = g, we have the Kulkarni-Nomizu squared g ∧ g [15] :
We notice that
This leads to the (0, 4)-
; it is defined as follows: 
Proof. Let us consider an LP-Sasakian manifold admitting
In view of (1.2), we can easily bring out 
Replacing X by φX, and then taking inner product with U , equation (3.3) becomes
Replacing Y and U by ξ in (3.4), we obtain
where a = 0 . (3.5) This completes the proof. 
where ω and W stands for generalized quasi-conformal curvature tensor with associate scalars (ā,b,c) and (a, b, c) respectively.
If ω·W = 0 then M is called generalized quasi-conformally semi-symmetric. A pseudo-symmetric space is said to be proper if it is not semi-symmetric. For details we refer to ( [7] , [22] ). In the literature, there is also another notion of pseudo-symmetry. Definition 4.2. An LP-Sasakian manifold (M, g) is said to be pseudo-symmetry type in the sense of Chaki [24] if
for all Y, Z, U, V ∈ χ(M ), where A is a non-zero1-form on (M, g).
Of course, both the definitions of pseudo-symmetry type for a semi-Riemannian manifold are not equivalent. For example, in contact geometry, every Sasakian space form is pseudo-symmetric in the sense of Belkhelfa, Deszcz and Verstraelen ( [23] , Theorem 2.3, Corollary 2.4), but a Sasakian manifold cannot be pseudo-symmetric in the sense of Chaki ([25] , Theorem 1). We assume the pseudo-symmetry always in the sense of Deszcz, unless specifically stated otherwise.
Let us consider a (2n+1)-dimensional pseudo-symmetry type LP-Sasakian manifold. Then from the equation (4.2), we get
Putting X = Y = e i in (4.4) where {e 1 , e 2 , e 3 , ..., e 2n , e 2n+1 = ξ} is an orthonormal basis of the tangent space at each point of the manifold M and taking the summation over i,
From the equation (1.2), we can easily bring out the followings
(e i , Z, U, e i ) +ā +b
Theorem 4.1. Let (M 2n+1 , g), n > 1 be an LP-Sasakian manifold. Then for respective pseudo symmetry type conditions, the Ricci tensor of the manifold M takes the respective forms as follows-Curvature condition Expression for Ricci tensor
Curvature condition
Expression for Ricci tensor
,b = 0,c = 0
− (2n + 1)
−n + 2nL)g +( Remark 4.1. For L = 0, the above theorem gives us the nature of the Ricci tensor of the manifold M for respective semi-symmetry type conditions.
